ABSTRACT
INTRODUCTION
The universal postal service is a service of general economic interest (SGEI) and represents a set of postal services which are performed continuously on the territory of any country, within the prescribed quality, at affordable prices and under the same conditions for all users, without any discrimination [1] . The universal postal service is being developed in line with technological and economic development and the needs of the users. The provision of the universal postal service depends on the number and locations of access points. Access points are "physical facilities, including letter boxes provided for the public either on the public highway or at the premises of the postal service provider(s), where postal items may be deposited with the postal network by senders" [2] . Worldwide experience suggests different approaches in defining the components and criteria for establishing the system of access points. As can be noticed from IPC (2014) different countries have different approaches to access points ( Table 1) , defined by criteria as density, minimum number of permanent post offices, distribution, etc. [3] . This paper considers the postal network of public postal operator (PPO) in Serbia, as a representative of the postal operators in the region. The current trend of public postal operator and regulatory body in Serbia is to optimize the access points, universal postal service and public postal network (PPN). One possible way to achieve this goal is to minimize the number of permanent postal units of postal network. This process would reduce costs of the postal operator, as well as the total number of employees. This paper presents two different approaches to optimize the public postal network. The first one relies on previous research of Kujačić, Šarac and Jovanović (2012) and indicates the need for criteria which would determine the minimum required number of permanent postal units [4] . For the Republic of Serbia, the authors defined four relevant criteria. The second, approach for determining the required number of permanent postal units is developed in this paper. The authors use the well-known Set Covering Location Problem (SCLP) for the optimal solution of the p-centre problem. The goal of SCLP is to find the minimum number of facilities and their locations so that each node-supplier must serve the facility within the specified maximum response time or distance, which we call the radius. The approach consists of three steps. The first step is to establish the network nodes which generate the demand. The second step defines the nodes candidates for public postal network. The third step is the application of p-centre problem set covering location problem. The authors of the paper use a case study of municipalities' characteristics in Serbia for numerical evaluation and testing, but the model can be applied to any postal network worldwide. After comparing the results obtained by both, the exact formulae and the SCLP model, it is observed that the second model is better for optimizing the number of access points in public postal network. The paper is organized as follows. Section 2 gives the foundations of access to the public postal operator's network. The third Section describes the new model for determining the number of permanent postal units. The following Section presents the results and discussion. The last Section 5 is devoted to concluding remarks.
APPLICATION OF SET COVERING LOCATION PROBLEM FOR ORGANIZING THE PUBLIC POSTAL NETWORK

PREVIOUS RESEARCH ON SERBIAN PUBLIC POSTAL NETWORK
In the next time period, the Serbian postal operator is planning a reorganization of the postal network. Since this is an extremely important activity which influences the total costs and the number of employees, it is necessary to adopt some models in order to Each postal service point should provide a basic assortment of public services whereas there should be 1 post office per every 10 km radius with a full service offering. Furthermore, there should be at least 1 post office per municipality. The Fifth Management Contract provides that bpost (universal service provider in Belgium) must maintain a retail network SGEI of at least 1,300 postal service points, including post offices and third-party-run postal shops.
Croatia
The public postal operator has an obligation to open post offices on the whole territory of the Republic of Croatia under the following conditions: One post office per average area of max 80 km 2 ; One post office per average number of 6,000 inhabitants Czech Republic A post office is required: in each municipality with more than 2,500 inhabitants; in each municipality with less than 2,500 inhabitants and in which the registry office or building Authority and is in the municipality post office; so that the distance from any location in the municipality in the Czech Republic to the post office does not exceed 10 km, and so that the distance from any location, with the exception of areas that exclusively serves a purpose other than housing in each village with more than 2,500 inhabitants, to the post office does not exceed 2 km.
France
At least 99 % of the national population and at least 95 % of the population in each department must be less than 10 km far from a post office branch. All municipalities with over 10,000 inhabitants must have at least 1 post office branch per 20,000 inhabitants. Additional post office network requirements do not permit more than 10% of a department's population to be further than 5 km or more than 20 minutes by car under normal driving conditions for the area concerned from the closest La Poste point of contact. Germany 12,000 fixed location facilities. At least 1 permanent facility in any municipality with more than 2,000 residents. Customers in any municipality with more than 4,000 residents or in adjoining built-up areas shall in general be able to reach a permanent facility within no more than 2,000 m. Additionally, in every district (Landkreis) 1 permanent facility shall be located per 80 km². All other locations must be served by mobile postal service units.
Hungary
The Act on Postal Services defines the geographical availability rules of universal services as follows: Pick-up points excluding street letter boxes shall not be further than 5 km from 95 % of the population and 10 km from 99.5 % of the population. One delivery point per settlement, in case the failure of personal delivery attempt, or poste restante services. Detailed rules to be agreed in the Universal Postal Public Service Contract.
Italy
Number and distribution of post offices depends on the distance of residences from the nearest post office (3/5/6 km in terms of population percentage), the number of towns/ villages covered by post offices (at least 96 %), minimum opening hours for post offices in such villages (18 hours a week, 3 days a week). at least 1 access point with a maximum distance of 3 km to the residences of 75% of the population; at least 1 access point with a maximum distance of 5 km to the residences of 92,5% of the population, at least 1 access point with a maximum distance of 6 km to the residences of 97,5% of the population.
Serbia
The universal postal service must provide access to the postal operator's network, within a reasonable distance from any customer's residence. The postal operator is obliged to provide the access points' density corresponding to the customer's needs, in accordance with technological and economic development. 
Step 2 -Determining the socio-economic and demographic characteristics of the observed country and establishing the relevant factors for the development of postal services.
Step 3 -Determining the existing infrastructure of PPO and the structure of scope of universal postal service and other services provided by PPO.
Step 4 -Determining the degree of correlation between environmental factors and requirements for the universal postal service.
Step 5 -Determining the criteria related to the density, allocation and minimum number of access points, post offices, etc.
Step 6 -Mapping and testing access points on the observed territory and assessing the minimum number of postal units. The authors Kujačić et al. (2012) defined the following criteria for urban settlements: in every settlement with more than 1,000 inhabitants (and municipalities) should be provided with at least one permanent unit of postal network; in settlements with more than 20,000 inhabitants, there has to be at least one permanent unit of postal network on every 20,000 inhabitants. According to the previously mentioned criteria, Blagojević et al., developed the following mathematical equation to determine the number of required permanent postal units: N i is the number of permanent postal units per municipality i, R is the total number of settlements per municipality i with a population between 1,000 and 20,000 inhabitants, M is the total number of settlements per municipality i with more than 20,000 inhabitants, S is the total number of inhabitants in settlements with a population of over 20,000 inhabitants, and j is the counter for settlements per municipality i with more than 20,000 inhabitants [5] . This equation gives an opportunity for mathematical interpretation of the defined criteria. Obviously, Equation 2 sublimates two criteria. The first one says that a permanent postal unit has to be located in every settlement with more than 1,000 inhabitants. The binary variable xi embeds this condition into Equation 1. The second binary variable, y i , allows criteria which says that in settlements with more than 20,000 inhabitants, at least one permanent postal unit has to exist on every 20,000 inhabitants. 
According to the results of Kujačić et al. 2012 , the minimum number of 1,052 permanent post offices must be located in the Republic of Serbia ( Table 2) .
NEW MODEL FOR DETERMINING THE NUMBER OF PERMANENT POSTAL UNITS IN THE PUBLIC POSTAL OPERATORS' NETWORK
The concentration of population in cities and urban population growth indicates the need to establish a proper location and number of nodes in all public 
Jovanović: Application of Set Covering Location Problem for Organizing the Public Postal Network networks (postal, telecommunication, healthcare, education, etc.). The distances that people are willing to cross on foot to reach the market place and local services are followed by the traditional local pattern of movement even though the average distances can vary from city to city. Average walk in London is 800 meters, in Midtown in the City of New York it is 534 meters while in the centre of Edmonton it is just 265 metres. In the UK, half of all trips whose purpose is shopping are to the locations that are less than 500 m away, of which a substantial percentage is covered by walking [6] .
People are usually willing to walk to the station of public transportation that offers a higher level of service; such as the case with the railroad systems. The presence or absence of obstacles will significantly affect the experience of walking [7] . Areas projected according to public transportation stops should be within a radius of 400 to 800 metres [8] . Most people are willing to cross 500 metres to a store or the station of public transportation. There are a number of literature references on the issue of optimal walking distances [9] . There is one that talks about walking radius around stations of public transport as part of the transit-oriented development (TOD) design; there are sources in literature that talk about the health benefits of walking and the one that covers the optimal distance of permanent post offices based on the standards of some countries if compared to movement on foot. If we take 800 m as the maximum allowed distance of permanent housing from the permanent post offices, it can be concluded that going to and from the post office which is located at the edge of the gravitational area, the covered distance will be 1,600 m, which falls well below the range of the recommended daily physical activity even for the oldest structure of population. In addition, there is enough room to complete other daily activities of walking up to the recommended daily optimum (2,500 m), if other programs and activities are not on the way to a permanent post office, which may be the case, especially in residential areas, where a small concentration of non-residential program and activities may be present, especially if it is not projected in accordance with the concentration of programs and activities in the vicinity of stations of public transport (TOD).
Within the standard that applies in the Czech Republic, where residential buildings in settlements cannot beat a distance greater than 2 km from the nearest post office; standard in Germany, where 100% of the population in urban areas must be located within 2 km from the post. This is in full accordance with the standard applicable in Switzerland, where 100% of the population has to walk to the post office for 20 minutes [3] . Slightly larger distances are in the Netherlands, where one post office is at a distance of not more than 5 km from the user in the city, and in Denmark, where the distance of post office from a user must not exceed 5 km, measured in a straight line. The Netherlands and Denmark are the countries where bicycles represent the most common means of transportation. Therefore, long distances can be observed in this context.
In our research, we start from the basic gravitational area whose radius is 800 m of coverage. In settlements of small population density and in those that are dominated by single-family residences, the criterion of primary gravitational area does not apply. If a village or smaller town covers the surface of axle types and according to the spatial and infrastructural guidelines, stretches along the valley or along the river or the road, then a permanent postal unit should be located at the longitudinal axis of the settlement at a distance of every two diameter lengths of the gravitational area (1,600 m). The exception to this rule is -if there is no adequate infrastructure for the smooth movement of pedestrians, the post office should then be positioned within the primary gravitational area radius (800 m). This applies to settlements with high population density. This standard is in accordance with the criteria of access to postal services in the European cities ( Table 1) . If a village or smaller town (which by their nature are dispersed in construction and are dominated by single-family residences) covers the surface of compact shape, then permanent postal units may be allocated according to availability with respect to the distance of two diameter lengths of primary gravitational area (1,600 m) in relation to the entire surface. If parts of the city (which in part or majority have a high housing density) are completely or predominantly comprised of single-family housing facilities, it is necessary to have a postal unit at a distance of 1,600 m from the residential buildings or at a distance of two diameter lengths of the gravitational area in those parts of the city. If a city (with high population density and predominantly multi-family residential facilities) is basically of compact shape, to the entire city surface applies the criteria of a diameter gravitational area for the allocation of postal units. If the city is basically of axle type, where the smaller dimension of the surface is less than two diameters of the primary gravitational area, then the postal units are located at a distance longitudinally along the longer dimension of the settlement at a primary radius distance of a gravitational area. If the city is of combined shape type, so the settlements of axle types with significant roads (and in this case the dispersed settlement construction with single-family housing type) connect radially with the compact base toward the centre of gravity, then the postal units in these parts of the settlements should be arranged at a distance of two diameter lengths of the gravitational area. This applies only if along that space there is an adequate infrastructure for pedestrians. If there is no adequate infrastructure for the smooth movement of pedestrians, then the post unit must be positioned within the radius of the primary gravitational area.
Focal points represent places where inhabitants gather, such as institutions, public service buildings, facilities for culture, leisure and hospitality, sporting events, historic sites, and public gathering places for people. These places are made for public gatherings, but there is also a possibility of frequent spontaneous gathering of inhabitants. In case of places where the mass gatherings are made periodically, where a number of f i people gather in settlement i, it is necessary to connect that spatial area with a nearby primary gravitational area. In this case, we came to the conclusion that f i can be calculated as follows (Equation
where:
api -average number of postal items per settlement; nwd -numbers of working days during the year; s i -number of residents in that settlement; f i -minimum number of guests determines the status of the focal point in the settlement (daily average).
When we specify the radius of movement and criteria for determining the focal points in the settlements, a model of PPN can be set in three steps: 1) Establishing network nodes which generate the demand;
2) Defining nodes candidates for PPN nodes;
3) Solving the problem of determining the minimum number of post units by applying SCLP method.
Establishing network nodes which generate demand
We start from the basic dimensions of the gravitational area. Settlement areas are divided into squares of N zones whose diagonal is 800 m and it is also the radius of a circle circumscribed around four squareshaped zones (Figure 1) . We use the Euclidean distance formula. Thus, four square zones constitute the basic gravitational area. Possible location for the PPN nodes is in the square apices, so that the direction radius in the zone corresponds to the radius of primary gravitational area. Each apex of square zone is a node which generates demand for services [10] . The lattice structure of the settlement is organized in the following manner -vertical and horizontal lines are swiped through the focal point, which generates most gatherings; then, the grid is "stretched" left/right and up/down from the focal point, so that it covers the entire settlement area. If the focal point cannot be in the settlement, as it was previously defined, the place with the most content is taken as a starting point. This is how a network G (N, A) is obtained, where N represents the number of nodes, A is the number of square zones for which d = 800 m, covering the surface of the settlement.
The values 0 or 1 are assigned to obtained square zones, depending on the urban attributes of the observed zones and requirements in terms of coverage radius, i.e. the maximum acceptable distance between the located building in the PPN and the point where demand is generated (0 for 800 m, 1 for 1,600 m).
Zones without housing buildings, or those whose percentage of already constructed housing does not exceed 20% of the total area, are not taken into consideration to set up nodes of demand and service.
Zones are compressed into mega zones, such as type MZ4-11, MZ4-01 (1,600 m radius) and MZ2-11, MZ2-01 (radius 800 m <r <1,600 m). The principles of compression are: 4 or 2 zones are connected whose value is 1; Compression is made in relation to the focal point, so that in the new network which is obtained after the compression G`(N´,A´), the focal point is found at the intersection of 4 mega zones; Mega zone can be connected with one zone type 0, and then they conditionally construe a mega zone. Type of this mega zone is MY4-01 and MZ2-01.
In each node in network G`(N´,A´), a node is set which generates a service request.
Defining nodes candidates for PPN nodes
Network nodes that are candidates for allocation of PPN nodes, in the first step, are to be placed in a network G`(N´,A´), using the following principles: Network nodes that are candidates for allocation of PPN nodes have to be allocated at the apex of mega zones MZ4-11 and MZ2-11;Network nodes that are candidates for allocation of PPN nodes have to be allocated at the apex of zones value 0 with the zones 1 of mega zone types MZ4-01 and MZ2-01; exception to this rule are zones which have focal points in their apices; Network nodes that are candidates for allocation of PPN nodes have to be allocated at the apex of zones whose value is 0 or 1.
Solving the problem of determining the minimum number of post units by applying SCLP method
The p-centre problem (first introduced by Hakimi (1964)) is to locate p facility and assign it to users in order to minimize the longest distance between users and assigned facility [11] . Contrary to the p-median problem, which minimizes the sum of transportation costs, p-centre problem in the network is focused on a set of facilities that minimize the maximum distance between users and the nearest facility. There are several possible alternatives of the basic model. If the requirement is to set the requested facility in the nodes of the network, then it is called the p-centre problem on the nodes (Vertex centre problem), while the problems that allow facilities to be anywhere on a network are known as the problem of the absolute centre (Absolute centre problems). Kariv and Hakimi (1979) have shown that the problem of the p-centre in the network is an NP-hard problem [12] . Different authors have used Set Covering Location Problem (SCLP) for the optimal solution of the p-centre problem. The goal of SCLP is to find the minimum number of facilities and their locations so that each node-supplier must serve the facility within the specified maximum response time or distance, which is called radius. The solution to this problem can easily be found by solving its linear programming relaxation with the occasional application of branch-and-bound methods. When we get to the big problems, the size of the relaxed version of SCLP can be reduced by reducing the successive rows and columns. Daskin (1995) has given broader explanation of such reducing problems [13] . The first location covering problem was the set covering problem Toregas et al. (1971) [14] . Here the objective is to locate the minimum number of facilities required to "cover" all of the demand nodes. To formulate this problem the following inputs and sets are defined: I -the set of demand nodes indexed by i; J -the set of candidate facility locations, indexed by j; d ij -distance between demand node i and candidate site j; D c -distance coverage; N i = {j | dij ≤ Dc} -the set of all candidate locations that can cover demand point i and the following decision variable X if we locate at site if not
With this notation, the set covering location problem (SCLP) can be formulated as follows:
subject to:
The objective function 4 minimizes the number of facilities located. Constraint set 5 ensures that each demand node is covered by at least one facility. Constraint set 6 enforces the yes or no nature of the siting decision. The objective function can be generalized by including site-specified costs as coefficients of the decision variables. In this case, the objective would be to minimize the total fixed cost of the siting configuration rather than the number of facilities sited. Both versions of the set covering problem are NP hard ones [15] . However, the linear programming relaxation of the set covering location problem as formulated above often results in an all-integer solution. Typically, only a few branches in a branch and bound algorithm are needed to obtain an optimal all-integer solution when the LP relaxation is fractional.
A variety of row and column reduction rules have been developed to reduce the size of the problem considerably [13] . For example, variable x k can be eliminated from the formulation if M M k j 1 , where M j ={i|d ij ≤Dc} and M k ={i|d ik ≤Dc}. This column reduction is possible because a facility at j would cover all of the demand nodes that a facility at k would cover and possibly additional ones as well; therefore, location j "dominates" location k. Individual constraints, say h, of constraint set 5 can be eliminated if there is some covering set, say N i , such that N N i h
1
. This row reduction is possible because the constraint in 5 for demand node h is redundant. That is, if the coverage constraint for demand node i is satisfied, then the constraint for demand node h is also satisfied.
In this paper we shall determine nodes which generate demand. Next, network nodes that are candidates for the node of PPN (postal unit) are defined. Depending on the requirements in terms of gravitational areas and allowed distance of service level nodes from the nodes of demand, the location of nodes of PPN is determined and the total minimum number of nodes of PPN. When we define the nodes that require service and nodes that are candidates for allocation of facilities in PPN, the task was further resolved as SCLP. Set demands are related to the maximum distance of a user from the service node; cluster of nodes in network G`(N´,A´), which generate the demand, can be presented as B n ={b 1 ,b 2 ,..b n }.
d * is the maximum acceptable distance between facilities located inside a j A m and b i ∈B n , which will be served with facility a j . If the distance between a j and b i is less than d * , point a j covers point
. The solution to the problem consists in finding the minimum number of points x * of set A that can cover all the points of set B.
The distance between potential points and the service points can be displayed by the matrix of the shortest distance [ 
where p
(i,j) is the element of matrix [p(i,j)] (Equation 7).
Coverage matrix provides information on the coverage of user with facilities. These problems were solved by Larson and Odoni, in 1981 [16] . The aim is to reduce the number of rows in the coverage matrix to the lowest possible number, so that each column of the reduced matrix has at least one element equal to 1. In relation to the use of methods with the requirements, we have introduced a modification which consists in introducing "step zero" [10] .
Step 0 -service node must be located in the focal point -eliminate row and column passing through the focal point, as well as i columns that have the value of 1 in i * row that is being removed.
Step 1-Check if there are columns whose elements are equal to 0. If such columns exist, it is necessary to add facilities in the network in set A or change minimum distance from facilities to the user.
Step 2-Investigate whether there is any column with only one element that is not 0. Row i * containing this element corresponds to the place of the facility, i.e. facility must be placed in a position which corresponds to row i * . This point is included in the list of items that contain facilities. It is necessary to eliminate row i* and all columns that have 1 in the row i * of the coverage matrix.
Step 3 -Eliminate rows even if its elements are less than or equal to the corresponding elements of the second order (p(i,j)<p(i,j) for j).
Step 4 -Eliminate columns j if its elements are greater or equal to the corresponding elements of the second column (p(i,j)>p(i,j) for i).
Step 5 -Repeat steps 2-4 until: coverage matrix is empty or until there are no longer rows that can be eliminated.
RESULTS AND DISCUSSION
The proposed model was tested on a settlement in Serbia. The settlement has a total population of 28,239 [17] . Currently, the settlement has three permanent post offices -3 PPN nodes, but only one post office performs all kinds of services. It is a compact shape settlement, with well-kept pedestrian and bicycle paths. All administrative, cultural and educational facilities are located in the central part of the settlement. The settlement has one focal point. Over 5,000 people gather on a daily basis in the focal point. The following is located in this area: bus station, vegetable market, police station, health centre, other types of shops and banks. Figure 2 represents the marked focal point of the settlement. The lattice structure was set in relation to the focal point, which divided this settlement into 66 zones. Diagonal of one zone is 800 m. Figure 3 presents the values (0 or 1) for each zone that is considered. Zones that are marked with "×" are not considered because they do not have market potential, in this particular case. These are: warehouses, industrial plants or they cover less than 20% of the zone. These zones get services from the first service point. Zone with value 0 is the zone where there are facilities such as municipalities, court of law, schools. Zone with value 1 is the zone dominated by single-family residences (The radius of this zone is 800 m. The advantage in solving this case is that the focal point is located in one node, and that is a certain location of the service node. By compressing the zones, mega zones were obtained: 5 -MZ4-11, 1 -MZ4-01, 2 -MZ2-11. The allowed distance for mega zone is 1,600 m. Figure 4 -Nodes-candidates for the PPN and nodes with demand for service Table 3 shows real distances between nodes candidates for PPN and nodes with demand for service. The biggest distance is between nodes "5" and "13"-which is 5,060 m.
All nodes demand for service except node "9" could be within allowed distance of 1,600 m from candidate PPN nodes. Distance node "9"demand for service cannot be over 800 m.
Covering matrix is shown in Table 4 . Nodes of candidates for PPN that are at a larger distance than that allowed from nodes for services demand are marked with 0. The focal point is marked with "*". Only node candidate for PPN marked with "9" allows distance of 800 m from node 9 for service demand.
It is necessary to solve the location problem as that described in Chapter 3.3. In the considered case, it was found that the settlement needs two permanent units of postal network. The location of post offices is shown in Figure 5 . According to the model of Kujačić et al. (2012) , in this settlement there should be a minimum of two permanent post offices (node 7 and node 9) providing all kinds of postal services. 1 2
Figure 5 -Location of permanent post offices
After applying SCLP the required numbers of permanent postal units per municipalities in Serbia are obtained. These results are shown in Table 5 . The authors compare results obtained by exact Equation 2 with SCLP model.
In 45 of 52 cases (settlements), SCLP model gave the number of required permanent units less than the results obtained by Equation 2 . This fact is very encouraging for further implementation of this model. The obtained results indicate that the proposed model can be used in some future restructuring of the postal system, in which certainly one of the main targets will be the reduction of the number of permanent units per municipalities. The SCLP method could also be implemented to determine optimal organization of other elements of postal network (such as postal centres [18] ).
CONCLUSION
The postal network capacity is a unique, strategic advantage of any post, because it allows access to the service on the internal market, and at the same time, supports the pursuit of expansion and global integration. The universal postal service network has to meet the requirements of users' access, i.e. to effectively cover the entire territory for which it is organized. That is exactly the reason why we apply two different approaches for the access to the postal network of the public operator. We apply both approaches on real data collected from the Serbian settlements. The obtained results, i.e. the number of permanent postal units per settlements in the Republic of Serbia, show that these two models are complementary and they converge to each other. This fact is very encouraging for further application of this model. The combination of described two models is suitable for application to other, similar problems related to optimization of the postal network. The scientific contributions developed and presented in this paper are the following: -modification of SCLP method to meet the needs in the postal sector, by determining the minimum number and location of units of the postal network, for the provision of the universal postal service, -defining the criteria for determining the minimum radius that is the distance between nodes candidates for PPN nodes and nodes that generate demand (800 m or 1,600 m), -the number of visitors that determine the status focal point in the village (f i ) is mathematically specified. - 
